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throughout the N atomic sites up to the hole concentration of 2 h, which corresponded to the half filling of the 
non-bonding states near the HO states.The spin distribution was equivalent to the wavefunction distribution of 
the non-bonding states of the nanoflakes. In contrast, under the high hole concentrations, the N-II nanoflake 
possessed two and three spin polarized states for 3 h and 4 h doping, respectively. In both cases, the polarized 
electron spin had a multi domain structure in which the polarized spins were ferromagnetically distributed in 
each domain and antiferromagnetically aligned between spin domains. Despite the spatial distribution of spin 
states being different to each other, the total energies of these spin states were degenerate. Thus, various spin 
polarized states emerged as the metastable states of the triangular h-BN nanoflakes with N edges under a high 
hole concentration.
Conclusions
In this work, we investigated the geometric and electronic properties of triangular h-BN nanoflakes with hydro-
genated N or B edges using density functional theory with the generalized gradient approximation, to provide 
theoretical insight into the preferential formation of triangular flakes with N edges in CVD experiments. Our cal-
culations showed that triangular h-BN nanoflakes with hydrogenated N edges are more stable by approximately 
0.5 eV per atom than those with hydrogenated B edges for all flake sizes studied here and for any B source. The 
preferential synthesis of the nanoflakes with N edges in the CVD experiment is ascribed to their energetic sta-
bility.The electronic structure of the triangular h-BN nanoflakes strongly depends on the edge termination. The 
energy gap between the highest occupied (HO) and the lowest unoccupied (LU) states of the flakes with hydro-
genated N edges are narrower than not only those with hydrogenated B edges but also the band gap of the 2D 
h-BN sheet, because the LU state possesses a nearly free electron state distributed outside and alongside the edge 
atomic sites. In contrast, the HO-LU gap of the nanoflakes with B edges asymptotically approaches the band gap 
of the 2D h-BN sheet with an increase of their flake size. Detailed electronic structure analysis near the occupied 
and unoccupied state edges clarifies that the triangular nanoflakes possesses a number of non-bonding states cor-
responding to the number difference between B and N atoms. For the nanoflakes with N edges, the non-bonding 
state emerges in the HO and just below it with a fully occupied nature. In contrast, for the nanoflakes with B 
edges, the non-bonding state emerges in the LU state and above it with an unoccupied nature.
According to the fully occupied non-bonding states, the triangular h-BN nanoflakes may exhibit spin polari-
zation upon carrier injection into these states. To explore this possibility, we investigated the magnetic properties 
of the nanoflakes with hydrogenated N edges in terms of the hole doping in the FET structure using the ESM 
method. Under the hole injection, the nanoflakes exhibit spin polarized states as their ground state, where the 
number of unpaired electrons is proportional to the number of holes injected into non-bonding states up to a 
half-filling. The largest spin moment of the nanoflakes is S=n/2, where n is the number of nonbonding states, 







































barrier outside the edge: A small potential barrier leads to a large
emission current from the functionalized armchair edges.
For the zigzag edge, the O functionalization substantially sup-
presses the emission current, while other groups except CHO
enhance the current. The NH functionalization provides the largest
current because this zigzag edge has a low potential barrier. The
zigzag edge with an OH group also has a large emission current
because of the low potential barrier outside the edge. Note that the
emission current from the OH edge depends less on the external
electric ﬁeld than does that from the other functionalized edges.
This implies that the edge with the OH group is stable emission
source with respect to the electric ﬁeld. For H, COOH, CHO, OH, and
O groups, the armchair edge provides a larger emission current
than that of the zigzag edge, as in the case of clean edges.
4. Conclusion
We used the DFT combined with the ESM method to investigate
the electrostatic potential properties of GNRs with zigzag and
armchair edges functionalized by O, CHO, COOH, H, NH, and OH
groups under an external electric ﬁeld. Our calculations revealed
that the work functions and potential barriers for electron ﬁeld
emission from these edges depend on the attached functional
groups. Accordingly, the emission current depends not only on the
Fig. 6. Field emission current densities from functionalized (a) armchair and (b) zigzag edges as functions of the external electric ﬁeld. (A colour version of this ﬁgure can be viewed
online.)
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